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FIELD CONTROLLED PLASMA 
DISCHARGE PRINTING DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application for patent is a continuation-in-part of 
prior patent application Ser. No. 08/420,973, ?led Apr. 10, 
1995, U.S. Pat. No. 5,561.348. and entitled “Field Con 
trolled Plasma Discharge Device” by Karl Schoenbach, et al. 

BACKGROUND OF THE INVENTION 

1. Technical Field of the Invention 

The present invention relates to plasma discharge devices 
and. in particular. to a printer utilizing a plasma discharge 
device as its light source. 

2. Description of Related Art 
A plasma discharge device in its most simple single 

element form includes at least an anode electrode and a 
cathode electrode spaced apart from each other to de?ne a 
discharge cell. A low pressure atmosphere of a gas mixture. 
typically including an ionizable inert (noble) gas, is main 
tained between the electrodes. When a sufficient potential is 
applied between the anode and cathode electrodes, an ava 
lanche breakdown of the insulating properties of the gas 
occurs and a current ?ows between the electrodes forming a 
plasma discharge. The plasma discharge in the discharge cell 
comprises energetic electrons. excited atoms and ions. 
The collision of the energetic electrons in the plasma 

discharge with the gas atoms maintained in the discharge 
cell ionizes the gas atoms, with the ionized gas atoms 
emitting a wide spectrum of radiation in the form of photons 
of light. The characteristics of the ionizable inert gas or 
mixture of gases maintained in the discharge cell dictate the 
dominant wavelength of the photons of light radiated from 
the discharge cell. For example, neon gas atoms will emit 
visible red-orange photons of light when excited by a plasma 
discharge. Xenon gas atoms. on the other hand, will emit 
primarily invisible ultraviolet photons of light that may be 
converted to visible light using UV-excitable phosphors. 
The prior art further teaches the assembly of a plurality of 

individual discharge elements in a matrix con?guration to 
form a panel plasma discharge display. In such multi 
element plasma displays, a discharge cell is positioned at 
each of the points of intersection between orthogonally 
oriented rows and columns of wire conductors which com 
prise the anode and cathode electrodes. By selectively 
addressing the discharge cells through controlled application 
of a suf?cient potential to individual ones of the orthogonal 
conductors, plasma discharges are generated in the discharge 
cells at the intersection points to produce a visible image 
having a predetermined two-dimensional shape. 
The prior art further teaches the well known xerographic 

process for printing and copying. In accordance with that 
process, a latent electrostatic image of that which is desired 
to be printed or copied is generated on a photoconductive 
surface. Typically this is done by charging the photocon 
ductive surface and then exposing the charged surface to 
either light re?ected from the original to be copied or light 
modulated by the image to be printed and scanned across the 
charged surface. To develop the latent electrostatic image, 
toner comprising ?nely dispersed oppositely charged col 
ored (generally black) particles is deposited through attrac 
tion on the photoconductive surface. The deposited toner is 
then transferred to an oppositely charged piece of paper 
through contact with the photoconductive surface and loose 
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2 
attraction of the deposited carbon black toner. The trans 
ferred carbon black is then fused to the surface of the paper 
using a combination of both heat and pressure to ?x the 
printed image for viewing. 

SUMMARY OF THE INVENTION 

A ?eld controlled, hollow cathode plasma discharge ele 
ment is disclosed which includes a cathode electrode and an 
anode electrode sealed within an envelope ?lled with an 
ionizable mixture of gases. Aligned openings are provided in 
the cathode and anode electrodes forming hollow electrodes. 
The plasma discharge element further includes a ?eld con 
trol electrode positioned within the sealed envelope adjacent 
to either the anode or cathode electrode. The three electrodes 
are spaced apart from each other to de?ne a discharge cell 
through which a discharge electric ?eld is generated. and 
within which a discharge electric ?eld instigated plasma 
discharge occurs. The ?eld control electrode generates a 
control electric ?eld for distorting the shape of the discharge 
electric ?eld and a?ecting the intensity of the plasma dis 
charge. Varying the strength of the control electric ?eld 
effectuates proportionate changes in the intensity of the 
plasma discharge current. 

Amulti-element, ?eld controlled, hollow cathode plasma 
discharge panel is also provided wherein a plurality of the 
?eld controlled plasma discharge elements are arrayed in a 
matrix con?guration and selectively addressed through indi 
vidual ?eld control electrodes to individually instigate and 
control the intensity of individual plasma discharges. 
Through sequential addressing, a visible image having a 
predetermined two-dimensional shape may be generated and 
displayed by the panel. 
The present invention comprises the use _of a plasma 

discharge. and in particular, the foregoing ?eld controlled, 
hollow cathode plasma discharge devices in either their 
single element or multi-element matrix form as a light 
source in an electrostatic printing device. The single element 
plasma discharge device is modulated in accordance with 
the image to be printed and the modulated light output 
therefrom is scanned across the photoconductive surface to 
produce the latent image. ‘The multi-element matrix hollow 
cathode discharge device, on the other hand, generates the 
latent image on the photoconductive surface from a dis 
charge device output two dimensional image using either a 
line imaging (using a l by y matrix discharge device) effect 
or a page imaging (using an x by y matrix discharge device) 
effect. In either single element or multi-element printing 
device, the latent electrostatic image is developed by expos 
ing the photoconductive surface to oppositely charged col 
ored toner particles. transferring the attracted particles to a 
sheet of paper through contact with the photoconductive 
surface and electrostatic adhesion, and then ?xing the trans 
ferred image on the paper using heat and/or pressure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Amore complete understanding of the method and appa 
ratus of the present invention may be had by reference to the 
following Detailed Description when taken in conjunction 
with the accompanying Drawings wherein: 

FIG. 1 is schematic diagram of a prior art plasma dis 
charge display element; 

FIG. 2 is a schematic diagram of a prior art hollow 
electrode plasma discharge display element; 

FIG. 3 is a schematic diagram of a ?eld controlled, hollow 
cathode plasma discharge display element; 
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FIG. 4 is a cross-sectional view of the display element of 
FIG. 3; 

FIG. 5 is partially broken away top view of a multi 
element ?eld controlled ?at panel display; 

FIG. 6 is a schematic diagram of the multi-element ?eld 
controlled ?at panel display shown in FIG. 5 using an active 
FE'I‘ circuit for controlling actuation of each discharge 
device; 

FIG. 7 is a cross-sectional view of an active surface ?eld 
effect device for controlling actuation of each discharge 
device; 

FIG. 8 is a cross-sectional view of the plasma discharge 
device illustrating geometry variations for the ?eld genera 
tion electrodes and phosphor coating; 

FIG. 9 is a schematic diagram of a single element plasma 
discharge electrostatic printing device; 

FIG. 10 is a schematic diagram of a multi-element plasma 
discharge. line-imaging electrostatic printing device; and 

FIG. 11 is a schematic diagram of a multi-element plasma 
discharge. page-imaging electrostatic printing device. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Reference is now made to FIG. 1 wherein there is shown 
a schematic diagram of a prior art plasma discharge display 
element 10 including a cathode electrode 12 spaced apart 
from an anode electrode 14. The electrodes 12 and 14 are 
positioned within a glass envelope 16 that is sealed and ?lled 
with an ionizable inert gas. The area between the electrodes 
12 and 14 comprises a discharge cell 18 wherein a plasma 
discharge is generated. 
A voltage source 20 outputting a time dependent voltage 

(AC or DC) is connected to the electrodes 12 and 14 of the 
display element 10. Application of a voltage potential across 
the electrodes 12 and 14 generates an electric ?eld 
(schematically illustrated by broken lines 22) in the dis 
charge cell 18. When a su?cient potential is applied 
between the cathode electrode 12 and the anode electrode 
14. a ?eld instigated avalanche breakdown of the insulating 
properties of the gas atoms occurs and a current ?ows 
between the electrodes forming a plasma discharge. The 
plasma discharge contains energetic electrons, excited atoms 
and ions. 
The collision of the energetic electrons in the plasma 

discharge with the ionizable gas atoms maintained in the 
discharge cell 18 excites the gas atoms into emission of a 
wide spectrum of radiation in the form of photons of light 
24. The characteristics of the ionizable inert gas or mixture 
of gases that are sealed within the envelope 16 dictate the 
dominant wavelength of the photons of light 24 radiated 
from within the discharge cell 18. For example, neon gas 
atoms emit radiation in the visible red-orange spectrum 
when excited by a plasma discharge. Xenon gas atoms. on 
the other hand, emit radiation in the invisible ultraviolet 
spectrum. This invisible radiation is converted to visible 
photons of light 26 by phosphors 28 coated on the inside of 
the glass envelope 16. 
Plasma discharges typically produce a negative dilferen 

tial resistance across the electrodes 12 and 14. To prevent the 
plasma discharge from transitioning to an arc that may 
destroy or damage the electrodes 12 and 14, the display 
element 10 and/or the voltage source 20, a current limiting 
‘impedance 30 is connected in series between the voltage 
source and one of the electrodes. When the voltage source 20 
outputs alternating polarity voltage. the impedance 30 com 
prises a capacitor. A direct current output from the voltage 
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4 
source 20, on the other hand. requires the use of a resistor for 
the current limiting impedance 30. 

In order for the radiated photons of light 24 and 26 to be 
better observed or detected outside the envelope 16. one of 
the electrodes 12 or 14 can be manufactured of a transparent 
material. such as tin oxide. The optical transmission e?i 
ciency of the materials used for a transparent conductive 
electrode. however. is unsatisfactory. One solution to this 
problem. as illustrated in the prior art hollow electrode 
plasma display element 32 shown in FIG. 2. is to provide an 
opening 34 in one of the electrodes (in this case. the anode 
electrode 14) through which the radiated photons of light 24 
may escape from the discharge cell 18. 

Reference is now made to both FIGS. 1 and 2. In many 
applications. it is desirable to quickly switch the plasma 
display element 10 or 32 between its 01f mode and its on 
(discharge) mode. However. there is a noticeable delay 
between application of the potential across the electrodes 12 
and 14 and the generation of a plasma discharge within the 
discharge cell 18. To speed the reaction time of the plasma 
display elements 10 and 32. an additional. third electrode 36 
is provided for generating free charges that seed the ava 
lanche breakdown within the discharge cell 18 leading to a 
plasma discharge. The third electrode is connected to a 
voltage source 38. 

Reference is now made to FIG. 3 wherein there is shown 
a schematic diagram of a ?eld controlled. hollow cathode 
plasma discharge element 40. The ?eld controlled plasma 
discharge element 40 includes a hollow anode electrode 42 
(having an opening 44) spaced apart from a hollow cathode 
electrode 46 (having an opening 48). The openings 44 and 
48 in the pair of electrodes 42 and 46 are substantially 
aligned with each other along a common axis 50. The 
discharge element 40 further includes a third electrode 60 
positioned adjacent to the anode electrode 42 or cathode 
electrode 46 to form a capacitor. The electrodes 42. 46 and 
60 are positioned within an envelope 54 that is sealed and 
?lled with an ionizable inert gas. If the element 40 functions 
as a display. the envelope 54 is manufactured of a transpar 
ent material. 

The area between the electrodes 42, 46 and 60 around the 
common axis 50 comprises a discharge cell 52. A discharge 
voltage output from a ?rst voltage source 56 is applied 
between the electrodes 42 and 46 to generate a discharge 
electric ?eld (schematically represented by broken lines 58) 
Within the discharge cell 52. Current ?ows between the pair 
of electrodes 42 and 46 following the ?eld lines of the 
discharge electric ?eld 58, the longest of which ?eld lines 
pass through the openings 44 and 48 to terminate on the top 
side of the anode 42 and the bottom side of the cathode 46. 
Application of a su?icient discharge voltage potential to the 
pair of electrodes 42 and 46 instigates a plasma discharge in 
the discharge cell 52. The intensity of the plasma discharge 
depends on the amount of current ?owing between the pair 
of electrodes 42 and 46. 
The plasma discharge instigated in the hollow cathode, 

discharge element 40, unlike that with the prior art plasma 
discharge display of FIG. 1, has a positive di?erential 
resistance. The differential resistance of a hollow cathode 
plasma discharge will remain positive for low currents, and 
thus a series connected current limiting inductance (see FIG. 
1) need not be included between the electrodes and the ?rst 
voltage source 56. Because the differential resistance 
remains positive, a plurality of discharge elements 40 may 
be electrically connected in parallel with each other without 
danger of current diversions to adjacent discharge elements. 
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The third electrode 60 is oriented substantially parallel to 
the pair of electrodes 42 and 46. and is positioned external 
to the electrodes 42 and 46 in alignment with the openings 
44 and 48 along the common axis 50. The placement of the 
third electrode 60 in the display element 40 forms a capaci 
tor between the third electrode and the cathode electrode 46. 
It will. of course. be understood that the third electrode 60 
could alternatively be positioned adjacent the anode elec 
trode 42 if desired. A control voltage output from a second 
voltage source 62 is applied between the third electrode 60 
and the cathode electrode 46 to generate a control electric 
?eld (schematically represented by broken lines 64). The 
control electric ?eld 64 interacts with and. depending on its 
strength. distorts the shape of the discharge electric ?eld 58. 
Such distortions in the shape of the discharge electric ?eld 
58 a?ect the amount of current ?owing between the anode 
electrode 42 and the cathode electrode 46. and thus in?uence 
the intensity of the plasma discharge. Experimentation has 
shown that voltages in the range of as low as thirty volts 
applied to the control electrode 60 e?ectuate substantially 
linear control over current versus voltage in a four-hundred 
volt output voltage across the anode and cathode electrodes 
42 and 46. With decreased spacing between the control 
electrode 60 and the cathode electrode 46. control voltages 
less than thirty volts may be used. Varying the control 
voltage potential applied to the third electrode 60 alters the 
discharge electric ?eld S8 spatial distribution passing 
through the openings in the anode and cathode electrodes. 
Such changes cause corresponding variances in the ?ow of 
current between the electrodes 42 and 46 to effectuate 
proportionate changes in the intensity of the plasma dis 
charge. 
The collision of energetic electrons in the plasma dis 

charge with the gas mixture maintained in the discharge cell 
52 excites the ionizable gas atoms into emission of a wide 
spectrum of radiation in the form of photons of light 66. The 
hollow cathode geometry with openings 44 and 48 in both 
of the electrodes 42 and 46 disperses ‘the area in which such 
electron and ion interaction with the electrodes occurs, and 
thus reduces erosion to facilitate a longer operating lifetime 
for the discharge element 40. 

In a light emitting display application, a coating of 
phosphor 68 is provided on the glass envelope 54 to absorb 
the invisible photons 66 of ultraviolet radiation and emit 
visible photons of light 70. The third electrode 60 may also 
be coated with phosphor 72 to absorb rearwardly directed 
ultraviolet photons 66 and emit visible photons 70 thus 
increasing the overall optical e?iciency of the discharge 
element 40. Furthermore, the anode and cathode electrodes 
42 and 46 may be coated with UV converting phosphor 69. 
In addition, the top surface of the anode electrode 42 may be 
coated with an electron phosphor 71 to absorb electrons 
accelerated along the ?eld lines 58 and re-radiate visible 
light. The brightness of the visible light emitted by the 
discharge element 40 is directly proportional to the intensity 
of the plasma discharge current, and thus the brightness of 
the light is controlled by varying the control voltage poten 
tial output by the second voltage source 62. 

Reference is now made to FIG. 4 wherein there is shown 
a cross-sectional view of the hollow cathode discharge 
element 40 schematically illustrated in FIG. 3. The glass 
envelope 54 comprises a transparent front plate 74 forming 
a viewing window 76 for the discharge element 40 through 
which any visible light generated by a plasma discharge may 
be observed. Phosphor 68 for converting plasma discharge 
generated ultraviolet photons to visible light is coated to a 
back surface of the front plate 74 in the area of the viewing 
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6 
window 76. A spacer 78 of suitable dielectric or other 
insulating material is positioned between the front plate 74 
and the anode electrode 42. The top surface of the anode 
electrode 42 may further include a deposit of an electron 
phosphor 71 for converting electron energy to visible light. 
This phosphor 71 must be made electrically conductive 
(perhaps through incalulating the phosphor in a fullerene 
tube matrix) to conduct the electric charge to the electrode 
42. An opening 80 is provided in the spacer 78 substantially 
aligned with the opening 44 in the anode electrode 42 along 
common axis 50. The opening 80 in the spacer 78. however. 
has a larger diameter than the opening 44 in the anode 
electrode 42. A spacer 82 of suitable dielectric or other 
insulating material is positioned between the anode elec 
trode 42 and the cathode electrode 46 to maintain a sepa 
ration between the electrodes approximately equal to the 
diameter of the openings 44 and 48. An opening. substan 
tially aligned along common axis 50 and having a diameter 
larger than the openings 44 and 48 in the electrodes 42 and 
46. is provided in the spacer 82. The anode and cathode 
electrodes 42 and 46 may be coated With a phosphor 69 for 
converting ultraviolet plasma radiation to visible light. A 
spacer 84 of suitable dielectric or other insulating material is 
positioned between the cathode electrode 46 and a back 
plate 86 of the glass envelope 54. An opening 88, substan 
tially aligned along common axis 50 and having a diameter 
larger than the openings 44 and 48 in the electrodes 42 and 
46. is provided in the spacer 84. The third electrode 60 is 
positioned on a front surface of the back plate 86 substan 
tially aligned with the openings 44 and 48 in the electrodes 
42 and 46 and positioned at a location opposite the viewing 
window 76 along common axis 50. Phosphor 72 for con 
verting rearwardly directed plasma discharge generated 
ultraviolet photons to visible light may be coated to a front 
surface of the third electrode 60. 

Reference is now made to FIG. 5 wherein there is shown 
a partially broken away top view of a multi-element ?eld 
controlled panel discharge device 88. The discharge device 
88 comprises a plurality of discharge elements 40 (FIGS. 3 
and 4) arrayed in a row by column matrix con?guration. 
Individual elements 40 in the device 88 are located at the 
points of intersection 90 between individual ones of a set of 
“x” control lines 92 and individual ones of a set of “y” 
control lines 94. Actuation of the elements 40 in the device 
88 is effectuated by selectively addressing the x control lines 
92 and the y control lines 94. Only at that one element 40 
positioned at the point of intersection 90 between two 
addressed control lines 92 and 94 will a plasma discharge 
(producing a light emission) be instigated by changing the 
control electrode voltage. To generate a two dimensional 
visual image with the device 88, the control lines 92 and 94 
are sequentially and repeatedly addressed in proper order to 
generate light emissions at the proper locations on the device 
88. It will, of course, be understood that the panel device 88 
may be fabricated to have either a ?at or curved surface and 
to produce either color or black and white images. 
The set of y control lines 94 are provided in a common 

plane and positioned above (i.e., on top of) the back plate 86. 
The set of x control lines 92 are also provided in a common 
plane and are positioned spaced apart from and above the y 
control lines 94. The plurality of third electrodes 60 com 
prise conducting disks that are also provided in a common 
plane positioned spaced apart from and above the x control 
lines 92. The x and y control lines 92 and 94 are connected 
or coupled to the third electrodes 60 by means of a control 
circuit (not shown, see FIGS. 6 and 7). 
The cathode electrode 46 comprises a conducting plane 

including the plurality of openings 48 arrayed in the matrix 
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con?guration. 'Ihe cathode electrode 46 conducting plane is 
positioned above the third electrodes 60 and separated 
therefrom by means of the spacer 84. The anode electrode 42 
is similarly formed of a conducting plane including the 
plurality of openings 44 arrayed in the matrix con?guration 
corresponding in location to the openings 48 in the cathode 
electrode 46. The anode electrode 42 conducting plane is 
positioned above the cathode electrode 46 conducting plane 
and separated therefrom by means of the spacer 82. The 
front plate 74 is positioned above and separated from the 
anode electrode 42 conducting plane by the spacer 78. 

Reference is now made to FIG. 6 wherein there is shown 
a schematic diagram of the multi-element ?eld controlled 
panel discharge device 88. For simpli?cation of this 
drawing. only three elements 40 in a single row of the device 
88 are illustrated. . 

The x and y control lines 92 and‘ 94 are connected to the 
third electrodes 60 by means of a bi-directional control 
circuit 96 for controlling the ?ow of current into and out of 
the capacitance formed between the control electrode 60 and 
the cathode electrode 46. Each of the control circuits 96 in 
a given column of the device 88 are connected to a single 
one of the x control lines 92 corresponding to that column. 
Similarly. each of the conn'ol circuits 96 in a given row of 
the device 88 are connected to a single one of the y control 
lines 94 corresponding to that row. 

In one embodiment. the control circuit 96 comprises a “set 
and leave” circuit 96' including a pair of interconnected ?eld 
e?tect transistors (FEI‘s) 98 that are used to control the 
voltage on the ?eld control electrode 60. Each FEI‘ 98 
includes a drain terminal 100, a gate terminal 102 and a 
source terminal 104. In each control circuit 96', the drain 
terminals 100 of the pair of included FE'I‘s 98 are connected 
to each other and to the y control line 94 for the row in which 
the display element 40 is located. The gate terminals 102 of 
the pair of included FEI‘s 98 are connected to each other and 
to the x control line 92 for the column in which the display 
element 40 is located. The source terminals 104 of the pair 
of included FE'I‘s 98 are also connected to each other, and are 
further connected to the third electrode 60 of the display 
element 40. 

In the panel device 88. the second voltage source 62 
comprises a gate voltage supply 106 and a drain voltage 
supply 108. The gate voltage supply 106 is selectively 
connected to each of the control circuits 96' (via the con 
nected FEI‘ 98 gate terminals 100) through a column switch 
ing circuit 110 and the x control lines 92. The drain voltage 
supply 108. on the other hand, is selectively connected to 
each of the control circuits 96' (via the connected FET 98 
drain terminals 102) through a row switching circuit 112 and 
the y control lines 94. The switching circuits 110 and 112 
operate to select a discharge element 40 in the device 88 for 
activation by addressing an x and y control line 92 and 94 
for application of the voltages output from the gate voltage 
supply 106 and the drain voltage supply 108, respectively. 
Application of voltages of the same polarity to the control 
circuit 96' actuates the discharge element 40 located at the 
intersection point 90 between the selected control lines 92 
and 94, changes the ?eld control electrode 60 voltage and 
instigates a plasma discharge. The intensity of the discharge 
(and accordingly the brightness of the emitted visible light) 
is controlled by varying the relative voltages output from the 
supplies 106 and 108. 
The control circuit 96‘ is advantageously placed at the rear 

of the device 88. Placement at this location facilitates 
manufacture of the device 88 as the control circuit 96' and 
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8 
its associated control lines 92 and 94 can be separately 
manufactured as one unit, tested, and only thereafter 
mounted to the remainder of the device components. The 
placement at the rear of the device 88 further obviates the 
need to use expensive thin ?lm fabrication techniques his 
torically needed for fabricating the transparent control cir 
cuits placed in front of other display devices like liquid 
crystal displays. Furthermore. with rear placement. redun 
dant electronic components (for example. the FEI‘s) can be 
fabricated and later activated through known laser selection 
techniques in the event the primary components subse 
quently fail or are initially defective. 

Reference is now made to FIG. 7 wherein there is shown 
a cross-sectional view of an alternative embodiment 96" of 
the bi-directional control circuit 96 illustrated in FIG. 6. The 
control circuit 96" comprises an active surface ?eld elfect 
device that does not utilize semiconductor devices (like the 
FETs 98) for controlling actuation of the discharge element 
40. Instead. the control circuit 96" comprises layers of 
insulators and conductors that are more easily and reliably 
fabricated than semiconductor devices. 
The control circuit 96" includes avoltage source electrode 

94’ comprising the y control line, and a gate electrode 92' 
comprising the x control line. The voltage source electrode 
94' is positioned above (i.e.. on top of) the back plate 86. The 
gate electrode 92' is positioned above and is spaced apart 
from the voltage source electrode 94' by an insulating spacer 
114 which also separates the gate electrode 92' from the third 
electrode 60 of the discharge element 40. Openings are 
formed in the third electrode 60, gate electrode 92’ and 
spacer 114 to de?ne a conically-shaped aperture 116. The 
aperture 116, as well as the front surface 118 of the third 
electrode 60, is coated with an insulating layer 120 
comprising, for example, magnesium oxide. The insulating 
layer 120 functions to reduce secondary electron emission. 
Although exposed by the aperture 116, the surface of the 
voltage source electrode 94' need not be coated with the 
insulating layer 120. 
The photons of light and ions generated in the discharge 

cell 52 of discharge element 40 produce a layer of surface 
charge on the insulator layer 120. Altering the potentials 
applied to the third electrode 60, voltage source, electrode 
94', and the gate electrode 92' controls the movement of the 
layer of surface charge. ‘Thus, the control circuit 96" com 
prises a ?eld effect device similar in operation to a ?eld 
effect transistor. 

Referring now to FIG. 8. there is shown in cross-section 
an alternative geometry for the electrodes 42 and 46 and the 
phosphor coating 68 of the plasma discharge device 40. A 
front surface 122 of the anode electrode 42 at the opening 44 
is contoured to de?ne a concave surface 124. Preferably the 
concave surface 124 is polished to re?ect rearwardly 
directed photons of light out through the viewing window 
76. A rear surface 126 of the cathode electrode 46 is 
similarly contoured and polished to de?ne a concave. light 
re?ecting surface 128. In order to increase the contrast of the 
discharge element 40 for use as a light emitting display, the 
remainder of the front surface 122 of the anode electrode 42 
outside of the concave surface 124 is coated in a black or 
otherwise spectrally absorptive color. A concave surface 130 
is further formed in the front plate 74 at the viewing window 
76. The phosphor coating 68 for converting ultraviolet to 
visible light is lens-shaped and contoured to conform to the 
concave surface 130. The lens shape of the phosphor 68 and 
concave surface 130 at the viewing window 76 improve 
directivity of the produced visible light as well as enhance 
the et?ciency of the ultraviolet-to-visible light conversion. 
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Reference is now made to FIG. 9 wherein there is shown 
a schematic diagram of a single element plasma discharge 
electrostatic printing device 200 which operates in a manner 
analogous to a laser printer. In the device 200. however, the 
print head 202 comprises a single element plasma discharge 
element 40. like that shown in FIGS. 3 and 4. for its light 
source instead of a solid state laser or gas laser as is known 
in the art. The print head 202 further includes well known 
imaging optics 204 comprising lenses (e.g., beam 
expanders) and scanners (e.g.. rotating polygons) operating 
to focus and line scan the single beam modulated light 
output from the discharge element 40 along an imaging slot 
206 and onto a rotating photoconductive drum 208. In this 
device. the light output from the discharge element 40 is 
modulated by the information comprising the image to be 
printed. 

15 

Prior to being imaged. the photoconductive drum 208 is - 
charged over a uniform area with ions emitted from a 
corotron/scorotron 210. The corotron/scorotron 210 com 
prises one or more thin corona wires supported directly 
above and extending laterally across the surface of the 
photoconductive drum 208. Positively or negatively charged 
ions are attracted to the outer surface of the photoconductive 
drum 208 which, when subsequently exposed to the scanned 
light emitted from the plasma discharge device 40, acts for 
a short period of time as an insulator depending on the sign 
of the potential diiference. When exposed to light, voltage 
decay occurs due to photon absorption by the surface of the 
photoconductive drum 208 to generate electron-hole pairs. 
These pairs separate under the in?uence of the uniform 
charge deposited by the corotron/scorotron 210 neutralizing 
the charge and generating on the drum 208 a latent electro 
static image of the image to be printed. 
To develop the latent image, colored toner particles are 

charged to a polarity opposite that of the surface of the 
photoconductive drum 208. A magnetic brush 214 is then 
used to apply the toner particles to the surface of the 
photoconductive drum 208 where they electrostatically 
adhere to those areas with an opposite charge (i.e., those 
areas exposed to the modulated and scanned light output 
from the plasma discharge device 40). To develop a color 
latent image, multiple development stations 216 are needed, 
one each for the subtractive colors (cyan, yellow and 
magenta) and one for black. The four component latent 
images may be accumulated on the photoconductive drum 
208 if desired. 
The developed image present on the drum 208 is then 

transferred to the paper 218 using a corotron 220. The 
corotron 220 sprays ionized charge on the back side of the 
paper 218, with the ionized charge being of the opposite 
polarity as the toner particles deposited on the drum surface. 
The toner particles then electrostatically (i.e., loosely) 
adhere to the paper surface. Fusing of the toner particles, and 
hence the developed and transferred image, to the paper 218 
is accomplished by the use of heat, pressure, or combination 
heat and pressure as generally indicated at 222. 

Reference is now made to FIG. 10 wherein there is shown 
a schematic diagram of a multi-element plasma discharge, 
line-imaging electrostatic printing device 230. Like or simi 
lar reference numerals in FIGS. 9 and 10 refer to like or 
similar components. The device 230 operates in a manner 
analogous to a laser printer or photocopier. In the device 
230, however, the print head 202 comprises a linear, multi 
element plasma discharge panel 88, like that shown in FIG. 
5 (comprising however a linear l by y matrix), instead of a 
linear solid state laser or gas laser array or page/line imaging 
and scanning optics. The print head 202 further includes 
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well lmown imaging optics 204 operating to focus the line 
of light output from the linear discharge panel 88 through an 
imaging slot 206 and onto a rotating photoconductive drum 
208. The generation of the latent image on paper 218 
through charging of the drum 208. development 216, trans 
fer with the corotron 220 and fusing 222 occurs after 
imaging in the manner well known in the art and described 
above in connection with FIG. 9. 

Reference is now made to FIG. 11 wherein there is shown 
a schematic diagram of a multi-element plasma discharge. 
page-imaging electrostatic printing device 250. Like or 
similar reference numerals in FIGS. 9 and 10 refer to like or 
similar components. The device 250 operates in a manner 
analogous to a laser printer or photocopier. In the device 
230. however. the print head 202 comprises a multi-element 
plasma discharge panel 88. like that shown in FIG. 5 
(comprising an x by y matrix) that generates a visible display 
of all or part of the image to be printed. The print head 202 
further includes imaging optics 204 operating to focus the 
light comprising the panel image light output from the 
discharge panel 88 onto a photoconductive substrate 252. 
The substrate 252 preferably comprises a drum (not shown, 
see FIGS. 9 and 10) or ?exible belt (shown) charged with 
ions as discussed above. The generation of the latent image 
on paper 218 through development with the magnetic brush 
(es) 214, transfer with the corotron 220 and fusing 222 
occurs after imaging in the manner well known in the art and 
described above in connection with FIG. 9. 

Although preferred embodiments of the method and appa 
ratus of the present invention have been illustrated in the 
accompanying Drawings and described in the foregoing 
Detailed Description, it will be understood that the invention 
is not limited to the embodiments disclosed. but is capable 
of numerous rearrangements, modi?cations and substitu 
tions without departing from the spirit of the invention as set 
forth and de?ned by the following claims. 
What is claimed is: 
1. An electrostatic printing device, comprising: 
a ?eld controllable plasma discharge device for outputting 

light relating to an image to be printed; 
a charged photoconductive surface‘, 
means for directing the output light from the ?eld con 

trollable plasma discharge device onto the charged 
photoconductive surface to generate thereon a latent 
electrostatic image of the image to be printed; 

means for developing the latent electrostatic image on the 
charged photoconductive surface; and 

means for transferring the developed latent electrostatic 
image to, and ?xing the developed latent electrostatic 
image on a media for viewing. 

2. The printing device of claim 1 wherein the plasma 
discharge device comprises a single element ?eld control 
lable plasma discharge display. 

3. The printing device of claim 2 wherein the single 
element ?eld controllable plasma discharge display com 
prises: 

a sealed envelope containing an inert gas; 
a pair of hollow ?eld generation electrodes positioned 

within the sealed envelope, the hollow ?eld generation 
electrodes generating, in response to the application of 
a ?rst potential thereto, a discharge electric ?eld that 
induces a plasma discharge; and 

a control electrode positioned within the sealed envelope 
external to the ?eld generation electrodes, the control 
electrode generating, in response to the application of 



5,765,073 
11 

a second potential thereto, a control electric ?eld for 
distorting a shape of the generated discharge electric 
?eld and a?ecting an intensity of the induced plasma 
discharge and the output light therefrom. 

4. The printing device of claim 3 further including means 
for varying a strength of the second potential, such variances 
in the second potential atfecting discharge electric ?eld 
distortion and causing proportionate changes in the intensity 
of the induced plasma discharge and the output light. 

5. The printing device of claim 2 wherein the means for 
directing comprises imaging optics for focusing and scan 
ning the output light from the single element ?eld control 
lable plasma discharge display across the charged photo 
conductive surface. 

6. The printing device of claim 1 wherein the charged 
photoconductive surface comprises a rotating photoconduc 
tive drum. 

7. The printing device of claim 1 wherein the plasma 
discharge device comprises a multi-element ?eld control 
lable plasma discharge display. 

8. The printing device of claim 7 wherein multi-element 
?eld controllable plasma discharge display, comprising: 

a plurality of plasma discharge cells arrayed in a row by 
column matrix con?guration; . . 

a pair of hollow electrodes for each discharge cell, the pair 
of hollow electrodes generating. in response to a ?rst 
potential, a ?rst electric ?eld in a gas atmosphere; 

a plurality of control electrodes. one for each discharge 
cell, each control electrode generating, in-response to a 
second potential. a second electric ?eld proximate to 
the ?rst electric ?eld; 

means for selectively instigating plasma discharges at 
selected discharge cells and generate a two 
dimensional image; and 

means for varying a strength of the second electric ?eld to 
distort a shape of the ?rst electric ?eld and e?ectuate 
proportionate changes in an intensity of the instigated 
plasma discharges and the output light there?'om com 
prising a two-dimensional image. 

9. The printing device of claim 8 wherein; the row by 
column matrix con?guration comprises one row/column by 
multi-columns/rows. 

10. The printing device of claim 9 wherein the means for 
directing comprises imaging optics for focusing output light 
of the two-dimensional image from the one row/column by 
multi-columns/rows multi-element ?eld controllable plasma 
discharge display device on to the charged ‘photoconductive 
surface. . 

11. The priming device of claim 8 wherein the row by 
column matrix con?guration comprises multi-rows/columns 
by multi-columns/rows. 

12. The printing device of claim 11 wherein the means for 
directing comprises imaging optics for focusing output light 
of the two-dimensional image from the multi-rows/columns 
by multi-columns/rows multi-element ?eld controllable 
plasma discharge display on to the charged photoconductive 
surface. 

13. An electrostatic printing method, comprising the steps 
of: 

charging a photoconductive surface; 
generating a light output from a plasma discharge that is 
induced by a variably controlled electric ?eld; 

directing the light output from the plasma discharge to the 
charged photoconductive surface to create a latent‘ 
electrostatic image thereon; 

developing the latent electrostatic image on the photo 
conductive surface; 

5 

2 O 

25 

35 

45 

55 

12 
transferring the developed image from the photoconduc 

tive surface to a media; and 

?xing the transferred image on the media for viewing. 
14. The printing method of claim 13 wherein the step of 

generating a light output from a plasma discharge comprises 
the steps of: 

generating a ?rst electric ?eld in an environment of an 
ionizable gas, said ?rst electric ?eld of sufficient 
strength to initiate a plasma discharge producing light 
output; 

generating a second electric ?eld proximate to the ?rst 
electric ?eld; and 

varying a strength of the generated second electric ?eld to 
cause distortions in a shape of the proximately located 
?rst electric ?eld that effectuate proportionate changes 
in an intensity of the initiated plasma discharge and the 
generated light output. 

15. The printing method of claim 13 wherein the step of 
generating a light output comprises the step of generating 
the light output from a single element source. and the step 
of directing the light output to the charged photoconductive 
surface comprises the steps of: 

focusing the light output on the charged photoconductive 
surface; and 

scanning the focused light output across the charged 
photoconductive surface. 

16. The printing method of claim 13 wherein the step of 
generating a light output comprises the step of generating 
the light output from a line element source, and the step of 
directing the light output to the charged photoconductive 
surface comprises the step of focusing a line of light output 
on the charged photoconductive surface. 

17. The printing method of claim 13 wherein the step of 
generating a light output comprises the step of generating 
the light output from a panel element source, and the step of 
directing the light output to the charged photoconductive 
surface comprises the step of focusing a panel of light output 
on the charged photoconductive surface. 

18. The printing method of claim 13 wherein the step of 
generating a light output from a plasma discharge comprises 
the steps of: 

applying a ?rst potential to a pair of ?eld generation 
electrodes of su?icient strength to generate an electric 
?eld that induces a plasma discharge; 

applying a second potential to an adjacent control elec 
trode to generate a control electric ?eld proximate to 
the plasma discharge inducing electric ?eld; and 

varying a strength of the second potential to cause dis 
tortions in a shape of the generated plasma discharge 
inducing electric ?eld that e?iectuate proportionate 
changes an intensity of the induced plasma discharge 
and light output produced therefrom. 

19. A device for producing latent electrostatic images. . 
comprising: 

a photoconductive surface; 
means for charging the photoconductive surface; 
a ?eld controllable plasma discharge device for generat 

ing a light output; and 
optics for directing the light output from the ?eld con 

trollable plasma discharge device onto the charged 
photoconductive surface to form a latent electrostatic 
image thereon. 

20. The device of claim 19 wherein the ?eld controllable 
plasma discharge device comprises a single element variable 
output plasma discharge. 
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21. The device of claim 20 wherein the single element 
variable output plasma discharge comprises: 

a plasma discharge cell; 
a pair of hollow electrodes for the discharge cell, the pair 

of hollow electrodes generating. in response to a ?rst 5 
potential. a ?rst electric ?eld in a gas atmosphere that 
instigates a plasma discharge; 

a control electrode in the discharge cell for generating. in 
response to a second potential. a second electric ?eld 
proximate to the ?rst electric ?eld; and 

means for varying a strength of the second electric ?eld to 
distort a shape of the ?rst electric ?eld and effectuate 
proportionate changes in an intensity of the instigated 
plasma discharge and the light output generated 
thereby. 

22. The device of claim 20 wherein the optics comprise 
means for focusing and scanning the light output from the 
single element variable output plasma discharge on and 
across the charged photoconductive surface to generate the 
latent electrostatic image thereon. 

23. The device of claim 19 wherein the ?eld controllable 
plasma discharge device comprises a multi-element variable 
output plasma discharge display. 

24. The device of claim 23 wherein the multi-element 
variable output plasma discharge display comprises: 

a plurality of plasma discharge cells arrayed in a row by 
column matrix con?guration; 

a pair of hollow electrodes for each discharge cell, the pair 
of hollow electrodes generating, in response to a ?rst 
potential. a ?rst electric ?eld in a gas atmosphere; 
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a plurality of control electrodes. one for each discharge 

cell, each control electrode generating. in response to a 
second potential, a second electric ?eld proximate to 
the ?rst electric ?eld; 

means for selectively instigating plasma discharges at 
selected discharge cells to generate a displayed image; 
and 

means for varying a strength of the second electric ?eld to 
distort a shape of the ?rst electric ?eld and e?ectuate 
proportionate changes in an intensity of the instigated 
plasma discharges and the light output at each dis 
charge cell for the displayed image. 

25. The device of claim 24 wherein the optics comprise 
means for focusing the displayed image of light output from 
the multi-element variable output plasma discharge display 
on the charged photoconductive surface to generate the 
latent electrostatic image thereon. 

26. The device of claim 25 wherein the row by column 
matrix comprises one row/column by multi-columns/rows. 
and the displayed image of light output comprises a one 
dimensional image. 

27. The device of claim 25 wherein the row by column 
matrix comprises multi-rowslcolumns by multi-columns/ 
rows. and the displayed image of light output comprises a 
two-dimensional image. 

***** 


